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(54) Method of controlling transmission power in cellular system and base station apparatus 



(57) A signal is prevented from being transmitted 
from a mobile station to a base station with excessive 
transmission power for thereby increasing an uplink ca- 
pacity. The base station compares the reception quality 
of the signal transmitted from the mobile station with the 
target reception quality, and determines an increment 
for the transmission power of the base station based on 
a compared result. The base station adds the increment 
to the transmission power of the base station based on 
a second control command transmitted from the mobile 



station, and transmits a first control command for con- 
trolling the transmission power of the mobile station with 
the transmission power to which the increment has been 
added. If the reception quality of the signal transmitted 
from the mobile station becomes greater than the target 
reception quality, then the increment for the transmis- 
sion power is increased. If the reception quality of the 
signal transmitted from the mobile station becomes 
smaller than the target reception quality, then the incre- 
ment for the transmission power is reduced. 
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(57) A signal is prevented from being transmitted 
from a mobile station to a base station with excessive 
transmission power for thereby increasing an uplink ca- 
pacity. The base station compares the reception quality 
of the signal transmitted from the mobile station with the 
target reception quality, and determines an increment 
for the transmission power of the base station based on 
a compared result. The base station adds the increment 
to the transmission power of the base station based on 
a second control command transmitted from the mobile 



station, and transmits a first control command for con- 
trolling the transmission power of the mobile station with 
the transmission power to which the increment has been 
added. If the reception quality of the signal transmitted 
from the mobile station becomes greater than the target 
reception quality, then the increment for the transmis- 
sion power is increased. If the reception quality of the 
signal transmitted from the mobile station becomes 
smaller than the target reception quality, then the incre- 
ment for the transmission power is reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: s 

[0001] The present invention relates to a method of 
controlling the transmission power in a cellular system 
wherein a plurality of mobile stations communicate bidi- 
rectional ly with each other via a base station situated in 
a service area, and a base station apparatus in such a 
base station. 

2. Description of the Related Art: 

[0002] In a cellular system which employs a code di- 
vision multiple access (CDMA) process for radio com : 
munications, a number of base stations and mobile sta- 
tions communicate bidirectionally with each other in re- 
spective established links at the same frequency. The 
received power (desired power) of a signal in a certain 
link acts as interference power that disturbs other links. 
In an uplink transmission where a mobile station trans- 
mits a signal and a base station receives the transmitted 
signal, when the desired power exceeds a predeter- 
mined power level, the interference power increases, 
thus reducing the link capacity. 
[0003] To prevent the above phenomenon from occur- 
ring, it is necessary to strictly control the transmission 
power of mobile stations. According to one uplink trans- 
mission power control process, the desired power from 
a mobile station is measured by a base station and the 
measured level of the desired power is compared with 
a control target level. If the measured level of the desired 
power is greater than the control target level, then the 
base station transmits a control command for reducing 
the transmission power to the mobile station. Converse- 
ly, if the measured level of the desired power is smaller 
than the control target level, then the base station trans- 
mits a control command for increasing the transmission 
power to the mobile station. This transmission power 
control process is discussed in detail in U. S. patent No. 
5,056,109 entitled "Method and apparatus for control- 
ling the transmission power in a CDMA cellular system", 
issued to Gilhousen et al. 

[0004] According to the above transmission power 
control process, however, if a control command trans- 
mitted from a base station to a mobile station is judged 
erroneously so as to increase or reduce the transmis- 
sion power in a manner opposite to the control com- 
mand, then the desired power may become excessive 
or insufficient in level. If the desired power becomes ex- 
cessive, then the interference power which affects other 
links increases. If the desired power becomes insuffi- 
cient, then the quality in the link decreases. 
[0005] Japanese unexamined patent publication No. 
1 997-31 2609 discloses a process of ignoring a received 
control command if the quality of the received control 
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command is poor, so that the transmission power from 
a mobile station will be prevented from increasing or de- 
creasing in a wrong direction for thereby alleviating the 
above drawback. 

[0006] Code division multiple access (CDMA) cellular 
systems use a technique known as "soft handoff" which 
allows a mobile station, as it moves from one cell to an- 
other, to communicate with a plurality of base stations 
in the vicinity of the boundary of the cells while changing 
links. The soft handoff is disclosed in detail in U. S. pat- 
ent No. 5,101 ,501 entitled "Method and system for pro- 
viding a soft handoff in communications in a CDMA cel- 
lular telephone system", issued to Gilhousen et al. 
[0007] According to an uplink transmission power 
control process with a soft handoff function, a plurality 
of base stations measure the desired power from a mo- 
bile station, and independently transmit respective con- 
trol commands based on the measured levels of the de- 
sired power to the mobile station via downlinks. When 
the mobile station receives the control commands from 
the respective base stations, the mobile station controls 
the transmission power based on the received control 
commands. If the mobile station receives different con- 
trol commands, then the mobile station controls the 
transmission power based on the control command for 
reducing the transmission power. This process is de- 
scribed in TIA/EIA Interim Standard, Mobile Station- 
Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System, TIA/EIA/ 
IS-95-A, Telecommunication Industry Association, May 
1995, 6.6.6.2.7.2 Reverse Traffic Channel Power Con- 
trol During Soft Handoff. 

[0008] As described above, if the mobile station re- 
ceives different command signals transmitted from the 
respective base stations, then the mobile station con- 
trols the transmission power on the basis of the control 
command for reducing the transmission power, from 
among the control commands transmitted from the re- 
spective base stations and received by the mobile sta- 
tion. Therefore, the desired power does not exceed a 
control target level in any of the base stations, for there- 
by achieving a high uplink capacity. In this process, con- 
sequently, it is important to reduce the probability that 
the mobile station will fail to receive a control command 
for reducing the transmission power. 
[0009] In a downlink transmission where a base sta- 
tion transmits a signal and a mobile station receives the 
transmitted signal, the transmission power from the 
base station is controlled to achieve a predetermined 
ratio between the desired power and the interference 
power for thereby accomplishing a high link capacity. 
[0010] According to the uplink transmission power 
control, as described above, the base stations inde- 
pendently transmit respective control commands for 
controlling the transmission power to the mobile station 
via downlinks. It is important that, while the soft handoff 
function is being performed, the downlink transmission 
power be controlled in order for the mobile station to be 
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able to receive control commands transmitted from the 
base stations. 

[0011] One solution is to control at the mobile station 
the downlink transmission power levels for equalizing 
respective desired power levels from the base stations. 
According to this solution, in those base stations which 
surfer a large downlink propagation loss, the transmis- 
sion power is set to a correspondingly large level. There- 
fore, the interference power increases, resulting in a re- 
duction in the downlink capacity. Such a reduction in the 
downlink capacity can be suppressed by controlling the 
transmission power levels so as to equalize transmis- 
sion power levels from the base stations, as disclosed 
in Anderson, "Tuning the macro diversity performance 
in a DS-CDMA system," Proc. IEEE 44th Vehicular 
Technology Conference, pp. 41 -45, June 1994. 
[0012] According to the above transmission power 
control scheme, however, the desired power levels from 
the base stations which surfer a large downlink propa- 
gation loss are so reduced that the mobile station is 
more likely to fail to receive control commands from 
those base stations and hence it is more probable that 
the mobile station will fail to receive control commands 
to reduce the transmission power. 
[001 3] Instantaneous level variations of the propaga- 
tion loss differ from frequency to frequency In a system 
where different frequencies are employed for uplink and 
downlink transmissions, uplink and downlink propaga- 
tion losses differ from each other. Therefore, on the as- 
sumption that an uplink propagation loss from a mobile 
station to a base station is small and the desired power 
received by the base station is greater than a control 
target level, when a control command for reducing the 
transmission power is transmitted from the base station 
to the mobile station, if a downlink propagation loss from 
the base station to the mobile station is larger, then the 
desired power received by the mobile station is smaller, 
with the result that the mobile station may possibly fail 
to receive the transmitted control command for reducing 
the transmission power. 

[0014] If all control commands transmitted from other 
base stations to the mobile station at this time are for 
reducing the transmission power, then the transmission 
power is increased by the mobile station, -and the de- 
sired power in the base station which has transmitted 
the control command that the mobile station has failed 
to receive becomes excessive. Consequently, the inter- 
ference power will be greater than if the mobile station 
had successfully received the control command and 
controlled the transmission power accordingly, resulting 
in a reduction in the uplink capacity of the base station. 
[0015] According to the above solution to control the 
downlink transmission power levels for equalizing re- 
spective desired power levels from the base stations in 
the mobile station, therefore, the possibility that the base 
station will be able to receive all control commands 
transmitted from the base stations is lowered, resulting 
in a reduction in the uplink capacity According to a proc- 



4 

ess disclosed in Japanese unexamined patent publica- 
tion No. 1997-261170, the above problem can be solved 
as follows: When a control command for reducing the 
transmission power of a mobile station is transmitted 

s from a base station, the transmission power of the con- 
trol command transmitted from the base station is set to 
a level higher than the levels of other commands, so that 
the mobile station will be able to receive, with a greater 
probability, the control command from the base station. 

10 [0016] While the soft handoff function is being per- 
formed, it is of importance that a mobile station control 
the transmission power according to a control command 
transmitted from a base station with a low propagation 
loss so that the desired power in the base station will be 

is equalized to a control target level. However, on the as- 
sumption that the mobile station fails to receive a control 
command transmitted from a base station with a high 
propagation loss and recognizes a control command for 
increasing the transmission power erroneously as a 

20 control command for reducing the transmission power, 
then even if a control command transmitted from a base 
station with a low propagation loss is for increasing the 
transmission power, the mobile station preferentially 
controls the transmission power based on the control 

2S command for reducing the transmission power, and 
hence the base station suffers a shortage of the desired 
power and a reduction in the link quality. However, the 
process disclosed in Japanese unexamined patent pub- 
lication No. 1997-312609 is capable of reducing the 

30 above difficulty because it ignores a received control 
command if the quality of the received control command 
is poor, and is less adversely affected by errors in de- 
termining control commands of low reliability from base 
stations with a high propagation loss. 

35 [0017] The invention disclosed in Japanese unexam- 
ined patent publication No. 1997-261170, as it is related 
to the present invention, will be described below with 
reference to Figs. 1 through 6 of the accompanying 
drawings. 

40 [001 8] Fig. 1 of the accompanying drawings is a flow- 
chart of a process for a base station to receive a frame 
error rate reported from a mobile station, determine a 
downlink transmission power level, and transmit a con- 
trol command for an uplink transmission power level. 

45 [001 9] As shown in Fig. 1 , when the base station is to 
start communicating with the mobile station, the base 
station sets the downlink transmission power Pf which 
is determined depending on a frame error rate to an in- 
itial level PfO in step S1201. The frame error rate is re- 

50 ported at given intervals from the mobile station. 

[0020] If there is a newly reported frame error rate in 
step S1202 and the newly reported frame error rate is 
greater than a predetermined range in step S1 203, then 
the base station increments the downlink transmission 

55 power Pf by AP (> 0) in step S1 204. If the newly reported 
frame error rate is smaller than the predetermined range 
in step S1205, then the base station decrements the 
downlink transmission power Pf by AP in step S1206. 
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[0021] If there is no newly reported frame error rate in 
step S1202, then the base station maintains the down- 
link transmission power Pf as it is. Thereafter, control 
goes to step S1207. 

[0022] In step S1207, if a measured level D of uplink 
desired power which is measured in each frame is great- 
er than a predetermined control target level T, then the 
base station determines a control command for reduc- 
ing uplink transmission power in step S1208, and equal- 
izes the downlink transmission power P to Pf + Padd in 
step S1209, where Padd represents a transmission 
power increment of predetermined constant value. 
[0023] Conversely, if the measured level D of uplink 
desired power is smaller than the predetermined control 
target level T in step S1207, then the base station de- 
termines a control command for increasing the uplink 
transmission power in step S1210, and equalizes the 
downlink transmission power P to the downlink trans- 
mission power Pf which is determined depending on the 
frame error rate in step S1211 . 
[0024] The base station then transmits the control 
command for the uplink transmission power to the mo- 
bile station with the downlink transmission power P in 
step S1212. Thereafter, control repeats the processing 
from step S1202. 

[0025] A mobile station which is establishing a link 
with a single base station controls the uplink transmis- 
sion power according to a control command that is trans- 
mitted from the base station for the uplink transmission 
power. A mobile station which is simultaneously estab- 
lishing links with two base stations receives two control 
commands that are transmitted from the respective 
base stations for the uplink transmission power. If the 
control commands are different from each other, then 
the mobile station controls the uplink transmission pow- 
er according to the control command for reducing the 
uplink transmission power. 

[0026] According to the above transmission power 
control process shown in Fig. 1, while the soft handoff 
function is being performed, the base stations, i.e., main 
and auxiliary base stations, receive the same frame er- 
ror rate which has been reported and similarly increase 
or reduce the downlink transmission power Pf which is 
determined depending on the frame error rate. There- 
fore, the downlink transmission power Pf is equalized 
by the base stations. When the base stations are to 
transmit control commands for reducing the uplink 
transmission power to the mobile station, the base sta- 
tions establish the downlink transmission power P so as 
to be greater than the downlink transmission power Pf, 
determined depending on the frame error rate, by the 
transmission power increment Padd. The transmission 
power control process is thus capable of reducing the 
probability that the mobile station fails to receive a con- 
trol command for reducing the uplink transmission pow- 
er, and the uplink excessively interferes with the other 
links. 

[0027] Fig. 2 of the accompanying drawings is a flow- 
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chart of a process for a base station to receive the re- 
ception power Q of a pilot signal, measured in each 
frame, reported from a mobile station, determine a 
downlink transmission power level, and transmit a . con- 

s trol command for an uplink transmission power level. As 
shown in Fig. 2, when the base station is to 
[0028] start communicating with the mobile station, 
the base station sets the downlink transmission power 
Pf which is determined depending on a frame error rate 

10 to an initial level PfO in step S1 301 . The frame error rate 
is reported at given intervals from the mobile station. 
[0029] If there is a newly reported frame error rate in 
step S1302 and the newly reported frame error rate is 
greater than a predetermined range in step S1 303, then 

is the base station increments the downlink transmission 
power Pf by AP (> 0) in step S1 304. If the newly reported 
frame error rate is smaller than the predetermined range 
in step S1305, then the base station decrements the 
downlink transmission power Pf by AP in step S1 306. 

20 [0030] If there is no newly reported frame error rate in 
step S1302, then the base station maintains the down- 
link transmission power Pf as it is. Thereafter, control 
goes to step S1307. 

[0031] In step S1 307, if a measured level D of uplink 

25 desired power which is measured in each frame is great- 
er than a predetermined control target level T, then the 
base station determines a control command for reduc- 
ing uplink transmission power in step S1308. If the re- 
ception power Q of a pilot signal of its own station is not 

30 maximum in step S1 309, then the base station equaliz- 
es the downlink transmission power P to Pf + Padd in 
step S1310, where Padd represents a transmission 
power increment of predetermined constant value. 
[0032] If the reception power Q of the pilot signal is a 

35 maximum in step S1 309, then the base station equaliz- 
es the downlink transmission power P to the downlink 
transmission power Pf which is determined depending 
on the frame error rate in step S1 312. 
[0033] If the measured level D of uplink desired power 

40 is smaller than the predetermined control target level T 
in step S1307, then the base station determines a con- 
trol command for increasing the uplink transmission 
power in step S1 31 1 , and thereafter equalizes the down- 
link transmission power P to the downlink transmission 

45 power Pf which is determined depending on the frame 
error rate in step S1 312. 

[0034] The base station then transmits the control 
command for the uplink transmission power to the mo- 
bile station with the downlink transmission power P in 
50 step S1 31 3. Thereafter, control repeats the processing 
from step S1302. 

[0035] According to the above transmission power 
control process shown in Fig. 2, when a base station is 
to transmit a control command for reducing uplink trans- 
55 mission power to a mobile station, only if the mobile sta- 
tion is highly likely to fail to receive the control command 
for reducing uplink transmission power unless downlink 
transmission power P is increased because the recep- 
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tion power Q of a pilot signal of its own station is not 
maximum, then the base station increases the downlink 
transmission power P by a transmission power incre- 
ment Padd. 

[0036] Therefore, the probability that excessive uplink 5 
interference is caused due to a failure by the mobile sta- 
tion to receive a control command for reducing uplink 
transmission power is reduced, and the interference 
power is prevented from increasing owing to an increase 
in the downlink transmission power P. 10 
[0037] Fig. 3 of the accompanying drawings is a flow- 
chart of a process of determining a transmission power 
increment Padd in a conventional transmission power 
control process. 

[0038] As shown in Fig. 3, a base station receives re- is 
ception power Q of pilot signals of main and auxiliary 
base stations reported from a mobile station in step 
S1401. 

[0039] The base station regards the reception power 
of a pilot signal of its own station, reported from the mo- 
bile station, as Q0, in step S1402, and also regards the 
reception power of pilot signals of other base stations, 
reported from the mobile station, as Qi (i = 1 - N-1 where 
N is the sum of the number of main base stations and 
the number of auxiliary base stations) in step S1403. 
[0040] Then, the base station sets a counter i to 1 in 
step S1404, and sets the maximum level Qmax for the 
reception power of pilot signals to Qi in step S1405. 
[0041] If the counter i is not the same as (N-1 ) in step 
S1406, then the base station increments the counter i 
by 1 in step S1407. If the reception power Qi of pilot 
signals is greater than the maximum level Qmax in step 
S1408, then control goes back to step S1405, and the 
maximum level Qmax is set to Qi. 
[0042] If the reception power Qi of pilot signals equal 
to or smaller than the maximum level Qmax in step 
S1408, then control goes back to step S1 406. 
[0043] If the counter i is the same as (N-1) in step 
S1 406 ( then the base station sets the transmission pow- 
er increment Padd to (Qmax - Q0) in step 51 409. There- 
after, the process shown in Fig. 3 comes to an end. 
[0044] In this manner, the maximum level Qmax for 
the reception power Qi of pilot signals is searched for, 
and the transmission power increment Padd is deter- 
mined as Padd - (Qmax - Q0). 
[0045] According to the process shown in Fig. 3, when 
a base station is to transmit a control command for re- 
ducing uplink transmission power to a mobile station at 
the time the reception power Q0 of a pilot signal of its 
own station is not maximum, the base station establish- 
es downlink transmission power P so as to be greater 
than with respect to the base station whose pilot signal 
reception power Qi is maximum, by the reduction in the 
reception power Q0 of the pilot signal of its own station, 
i.e., the increase in the propagation loss. Therefore, a 
measured level D of desired power in the mobile station 
becomes the same as the levels of desired power which 
would be achieved by control commands for uplink 



transmission power from other base stations. 
[0046] Inasmuch as the downlink transmission power 
P is increased by a level necessary for lowering the 
probability that the mobile station fails to receive a con- 
trol command for reducing the uplink transmission pow- 
er, the downlink interference power is further prevented 
from increasing. 

[0047] Fig. 4 of the accompanying drawings is a flow- 
chart of a process for an exchange to receive a meas- 
ured level 0 of desired power which is indicated, deter- 
mine a control command for uplink transmission power, 
and send the determined control command to a base 
station. 

[0048] As shown in Fig. 4, an exchange receives 
measured levels Di (i = 0 - N-1) of desired power report- 
ed from respective base stations in step S1501 . 
[0049] The exchange also receives control target lev- 
els Ti (i = 0 - N-1 ) of desired power reported from the 
respective base stations in step S1 502. Here, it is as- 
sumed that the control target levels Ti of desired power 
are of a constant value common to all the base stations. 
[0050] Then, the exchange sets a counter i to 0 in step 

51503. If the difference (Di - Ti) between the measured 
level Di of desired power of the ith base station and the 
control target level Ti of desired power of the ith base 
station is not greater than 0 in step S1504, then the ex- 
change compares the value of the counter i with (N-1 ) 
in step S1505. If the value of the counter i is not equal 
to (N-1 ), then the exchange increments the value of the 
counter i with 1 in step S1506, and repeats the process- 
ing from step S1504. 

[0051] If the value of the counter i is equal to (N-1 ) in 
step S1505, then the exchange determines a control 
command for increasing uplink transmission power in 
step S1507. 

[0052] If the difference (Di - Ti) is greater than 0 in step 

51504, then the exchange determines a control com- 
mand for reducing uplink transmission power in step 
S1508. 

[0053] Thereafter, the exchange sends the deter- 
mined control command for uplink transmission power 
to each of main and auxiliary base stations in step 
S1509. 

[0054] Each of the base stations sends the control 
command for uplink transmission power from the ex- 
change via the downlink to a mobile station, which then 
controls uplink transmission power according to the sup- 
plied control command. 

[0055] According to the process shown in Fig. 4, since 
the same control command for uplink transmission pow- 
er is transmitted from the main and auxiliary base sta- 
tions, insofar as the mobile station successfully receives 
at least one control command, even if it fails to receive 
other control commands, the base station can control 
uplink transmission power to achieve required desired 
power without imposing excessive interference power 
on any other base stations. 

[0056] As a consequence, the uplink capacity can be 
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increased. 

[0057] Fig. 5 of the accompanying drawings is a flow- 
chart of a process for an exchange to receive a tempo- 
rary control command indicated by a base station, de- 
termine a control command for uplink transmission pow- 5 
er, and send the determined control command to the 
base station. 

[0058] As shown in Fig. 5, an exchange receives a 
temporary control command from each of respective 
base stations with respect to each mobile station in step 10 
S1601. 

[0059] If at least one of the received temporary control 
commands is for reducing transmission power in step 

51602, then the exchange determines a control com- 
mand for reducing uplink transmission power in step is 

51603. If all the received temporary control commands 
are for increasing transmission power in step S1602, 
then the exchange determines a control command for 
increasing uplink transmission power in step S1604. 
[0060] Thereafter, the exchange sends the deter- 
mined control command for uplink transmission power 
to each of the main and auxiliary base stations in step 
S1605. 

[0061] Each of the base stations sends the control 
command for uplink transmission power from the ex- 
change via the downlink to a mobile station, which then 
controls uplink transmission power according to the sup- 
plied control command. 

[0062] According to the process shown in Fig. 5, since 
the same control command for uplink transmission pow- 
er is transmitted from the main and auxiliary base sta- 
tions, insofar as the mobile station successfully receives 
at least one control command, even if it fails to receive 
other control commands, the base station can control 
excessive interference power on any base stations. 
[0063] As a consequence, the uplink capacity can be 
increased. 

[0064] Fig. 6 of the accompanying drawings is a flow- 
chart of a process for a base station to determine wheth- 
er or not a base station is to transmit a signal while a 
soft handoff function is being performed. 
[0065] As shown in Fig. 6, a base station receives a 
reception power Q of pilot signals of main and auxiliary 
base stations from a mobile station in step S1701. 
[0066] The base station regards the reception power 
of a pilot signal of its own station, reported from the mo- 
bile station, as Q0, in step S1702, and also regards the 
reception power of pilot signals of other base stations, 
reported from the mobile station, as Qi (i = 1 - N-1 where 
N is the sum of the number of main base stations and 
the number of auxiliary base stations) in step S1703. 
[0067] Then, the base station sets a counter i to 1 in 
step S1704, and sets the maximum level Qmax for the 
reception power of pilot signals to 0 in step S1 705. 
[0068] If the reception power Qi of pilot signals is 
greater than the maximum level Qmax in step S1706, 
then the base station sets the maximum level Qmax to 
Qi in step S1707. The base station compares the coun- 



ter i with (N-1). If the counter i is not equal to (N-1) in 
step S1708, then the base station increments the coun- 
ter i by 1 in step S1709. Then, control repeats the 
processing from step S1706. 

[0089] If the reception power Qi is equal or smaller 
than the maximum level Qmax in step S1706, then con- 
trol jumps to step S1708. 

[0070] If the counter i is equal to (N-1) in step S1708, 
then control goes to step S1710 in which the base sta- 
tion compares the maximum level Qmax with the recep- 
tion power Q0 of the pilot signal of its own station. If the 
reception power Q0 is equal to or greater than the max- 
imum levei Qmax, then its own base station transmits a 
downlink signal in step S1711 . 

[0071] If the reception power Q0 is smaller than the 
maximum level Qmax in step S1 71 0, other base stations 
transmit a downlink signal, but its own base station does 
not transmit a downlink signal. 

[0072] As described above, while a soft handoff func- 
tion is being performed, each base station receives a 
reception power Q of all pilot signals of main and auxil- 
iary base stations from a mobile station. If the reception 
power Q0 of the pilot signal of its own station is maxi- 
mum, then the base station transmits a control com- 
mand for uplink transmission power from an exchange 
via the downlink to the mobile station, and the mobile 
station controls uplink transmission power according to 
the transmitted control command for uplinktransmission 
power. 

[0073] According to the above transmission power 
control process, it is possible to control uplink transmis- 
sion power to achieve required desired power without 
imposing excessive interference power on any base sta- 
tions even in a cellular system in which only one of main 
and auxiliary base stations transmits a downlink signal 
based on the reception power Q of the pilot signal in the 
mobile station. 

[0074] As a consequence, the uplink capacity can be 
increased. 

[0075] In the conventional cellular system described 
above, unless the downlink transmission power is ade- 
quately controlled, a mobile station is unable to properly 
receive a control command for controlling the transmis- 
sion power, which is transmitted from a base station via 
the downlink, resulting in excessive uplink desired pow- 
er and increased interference power. 
[0076] In cases where a mobile station controls trans- 
mission power based on a control command whose re- 
ception quality is good while ignoring a control com- 
mand whose reception quality is poor, control com- 
mands may be judged successively as suffering poor 
reception quality depending on the criterion established 
for determining the reception quality, and the mobile sta- 
tion may be prevented from controlling transmission 
power, causing the same problems as described above. 
[0077] In the process for increasing transmission 
power from a base station when a control command for 
reducing transmission power is transmitted from the 
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base station to a mobile station while a soft handoff func- 
tion is being performed, there may be occasions where 
the mobile station receives the control command with 
good quality even though the transmission power from 
the base station is not increased. In those occasions, 5 
since the control command is transmitted from the base 
station with more transmission power than required, 
downlink interference power is increased. 
[0078] In the process for ignoring a control command 
whose reception quality is poor while a soft handoff func- 
tion is being performed, the probability that a control 
command transmitted from a base station whose down- 
link propagation loss is larger is ignored is higher than 
the probability that a control command transmitted from 
a base station whose downlink propagation loss is 
smaller is ignored. If this process is applied to a cellular 
system where different frequencies are employed for 
uplink and downlink transmissions, then a certain base 
station may have a smaller uplink propagation loss than 
other base stations and receive excessive desired pow- 
er because instantaneous uplink and downlink level var- 
iations differ from each other. In this case, even though 
a control command for reducing transmission power is 
continuously transmitted from the base station, if the 
base station has a larger downlink propagation loss than 
other base stations, then the control command transmit- 
ted from the base station to a mobile station is continu- 
ously ignored, and transmission power in the mobile sta- 
tion is controlled according to a control command trans- 
mitted from another base station whose uplink propaga- 
tion loss is greater. In the base station whose uplink 
propagation loss is smaller, the desired power remains 
excessive, and the uplink interference power is in- 
creased. Particularly if the mobile station moves at low 
speed and hence undergoes slow instantaneous level 
variations, the increased interference power remains 
continuously. 

[0079] Even if the above process of ignoring certain 
control commands is not employed, control commands 
whose reception quality is poor may fail to be received 
or may be judged in error. 

SUMMARY OF THE INVENTION 

[0080] It is therefore an object of the present invention 
to provide a method of controlling transmission power 
in a cellular system to prevent signals from being trans- 
mitted from a mobile station to a base station with ex- 
cessive transmission power for thereby increasing up- 
link capacity, and a base station apparatus for use in 
such a base station. 

[0081] If, in a mobile station which has a link estab- 
lished with a base station, the transmission power has 
been controlled on the basis of a first control command 
transmitted from the base station, then the reception 
quality of a signal transmitted from the mobile station, 
which is measured in the base station, is of a level close 
to target reception quality. If, in the mobile station, trans- 



mission power has been controlled on the basis of a first 
control command transmitted from a plurality of base 
stations, then the reception quality of a signal transmit- 
ted from the mobile station, which is measured in the 
base station, is of a level close to target reception quality 
or a level smaller than the target reception quality. 
[0082] According to the present invention, the recep- 
tion quality of a signal transmitted from a mobile station 
is compared with the target reception quality, and an in- 
crement for transmission power which is determined ac- 
cording to another algorithm is determined on the basis 
of a compared result. A control command is transmitted 
with transmission power which has been increased by 
the increment from the transmission power according to 
the other algorithm. If the increment determined accord- 
ing to the other algorithm is reduced, then the transmis- 
sion power with which to transmit the control command 
is returned to the transmission power according to the 
other algorithm, thus lowering the probability that the 
mobile station fails to receive a control command for re- 
ducing transmission power Therefore, the advantage of 
the other algorithm for transmission power control can 
also be attained. 

[0083] With the above arrangement of the present in- 
vention, the reception quality of a signal transmitted 
from a mobile station is compared with the target recep- 
tion quality, and an increment for the transmission power 
of a base station is determined on the basis of a com- 
pared result. The increment is added to the transmission 
power of the base station based on a second control 
command transmitted from the mobile station, and afirst 
control command for controlling the transmission power 
of the mobile station is transmitted with the transmission 
power with the increment added thereto. If the reception 
quality of the signal transmitted from the mobile station 
increases in excess of a predetermined range of target 
reception quality, then the increment for the transmis- 
sion power is increased. If the reception quality of the 
signal transmitted from the mobile station falls within or 
becomes smaller than the predetermined range of tar- 
get reception quality, then the increment for the trans- 
mission power is reduced. When the reception quality 
of the signal transmitted from the mobile station thus be- 
comes close to or smaller than the target reception qual- 
ity, the transmission power of the base station is re- 
turned to the transmission power determined according 
to another algorithm. 

[0084] While the transmission power is being control- 
led according to the an other algorithm, the probability 
that the mobile station will fail to receive a control com- 
mand for reducing transmission power is lowered, and 
the interference power is prevented from increasing. . 
[0085] The above and other objects, features and ad- 
vantages of the present invention will become apparent 
from the following description with reference to the ac- 
companying drawings which illustrate examples of the 
present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0086] 



Fig. 1 is a flowchart of a process for a base station 
to receive a frame error rate reported from a mobile 
station, determine a downlink transmission power 
level, and transmit a control command for an uplink 
transmission power level; 

Fig. 2 is a flowchart of a process for a base station 
to receive the reception power Q of a pilot signal, 
measured in each frame, reported from a mobile 
station, determine a downlink transmission power 
level, and transmit a control command for an uplink 
transmission power level; 

Fig. 3 is a flowchart of a process of determining a 
transmission power increment Padd in a conven- 
tional transmission power control process; 
Fig. 4 is a flowchart of a process for an exchange 
to receive a measured level D of desired power 
which is indicated, determine a control command 
for uplink transmission power, and send the deter- 
mined control command to a base station; 
Fig. 5 is a flowchart of a process for an exchange 
to receive a temporary control command indicated 
by a base station, determine a control command for 
uplink transmission power, and send the deter- 
mined control command to the base station; 
Fig. 6 is a flowchart of a process for a base station 
to determine whether or not a base station is to 
transmit a signal while a soft handoff function is be- 
ing performed; 

Fig. 7 is a schematic view of a cellular system which 
incorporates a method of controlling transmission 
power according to the present invention; 
Fig. 8 is a diagram illustrative of a process of meas- 
uring reception power of a perch channel signal in 
a mobile station shown in Fig. 7; 
Fig. 9 is a diagram showing the relationship be- 
tween instantaneous and median levels of the re- 
ception power when the mobile station shown in 
Fig. 7 moves; 

Fig. 10a is a diagram showing downlink SIRs from 
base stations 10a, 10b in a mobile station 10b 
shown in Fig. 7; 

Fig. 10b is a diagram showing uplink propagation 
losses between the mobile station 1 0b and the base 
stations 10a, 10b shown in Fig. 7; 
Fig. 11 is a block diagram of a base station shown 
in Fig. 7; 

Fig. 12 is a flowchart of a processing sequence of 
the method of controlling transmission power ac- 
cording to the present invention in the cellular sys- 
tem shown in Figs. 7 through 11 ; 
Fig. 13 is a flowchart of a process of determining 
internal transmission power in a base station ac- 
cording to the method of controlling transmission 
power in the cellular system shown in Figs. 7 
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through 11; 

Fig. 14 is a flowchart of a process of determining a 
transmission power increment in a base station ac- 
cording to the method of controlling transmission 
power in the cellular system shown in Figs. 7 
through 11; and 

Fig. 15 is a flowchart of another process of deter- 
mining a transmission power increment in a base 
station according to the method of controlling trans- 
mission power in the cellular system shown in Figs. 
7 through 11. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



1st Embodiment: 

[0087] Fig. 7 schematically shows a cellular system 
which incorporates a method of controlling transmission 

20 power according to the present invention. 

[0088] As shown in Fig. 7, the cellular system has a 
service area divided into a plurality of cells 40a, 40b 
which are covered respectively by base stations 10a, 
10b. A mobile station 30a is present in the cell 40a, and 

25 another mobile station 30b is present in an overlap be- 
tween the cells 40a, 40b, The base stations 10a, 10b 
are connected to a control station 20 which is positioned 
outside of the service area. The control station 20 is con- 
nected to a communication network (not shown) which 

30 comprises other control stations. 

[0089] In Fig. 7, only the two base stations 10a, 10b, 
the two cells 20a, 20b covered respectively by the base 
stations 10a, 10b, and the two mobile stations 30a, 30b 
are illustrated. Actually, the cellular system has a 

35 number of base stations, with a number of mobile sta- 
tions being present in each of the cells, 
[0090] In the cellular system, different frequency car- 
riers are assigned to uplinks where signals are transmit- 
ted from the mobile stations 30a, 30b and received by 

40 the base stations 1 0a, 1 0b and downlinks where signals 
are transmitted from the base stations 10a, 10b and re- 
ceived by the mobile stations 30a, 30b. Therefore, the 
base stations 10a, 10b and the mobile stations 30a, 30b 
communicate bidirectionally with each other. 

4$ [0091] The base stations 10a, 10b transmit perch 
channel signals 51a, 51b, respectively, with constant 
transmission power. The mobile stations 30a, 30b have 
measuring units (not shown) for measuring power of the 
perch channel signals 51a, 51b, and hence measure re- 

so ception power of the perch channel signals 51a, 51b. 
[0092] Fig. 8 is illustrative of a process of measuring 
reception power of a perch channel signal in each of the 
mobile stations 30a, 30b shown in Fig. 7. 
[0093] In each of the mobile stations 30a, 30b, the 

55 measuring unit is switched for every short time slot to 
measure reception power of perch channel signals from 
a plurality of base stations in each frame. In the example 
shown in Fig. 8, since there are six slots in each frame, 
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the measuring unit is capable of measuring the recep- 
tion power of perch channel signals from six base sta- 
tions in each frame. 

[0094] When the mobile stations 30a t 30b move, an 
instantaneous level of the reception power at the mobile 
stations 30a, 30b varies in a short period as time passes. 
In order to measure the reception power, it is necessary 
for the mobile stations 30a, 30b to determine a median 
level in each of the slots. 

[0095] Fig. 9 shows the relationship between instan- 
taneous and median levels of the reception power when 
the mobile stations 30a, 30b shown in Fig. 7 move. 
[0096] As shown in Fig. 9, the reception power is 
measured in a number of frames corresponding to a suf- 
ficiently long time with respect to the period of instanta- 
neous level variations of the reception power at the time 
the mobile stations 10a, 10b move, and median levels 
of the measured reception power are determined in re- 
spective slots of each of the frames. 
[0097] For actual communications in the cellular sys- 
tem, a link is established between a base station (here- 
inafter referred to as a main base station) with respect 
to which the median level of the reception power of the 
perch channel signals 51a, 51b is at a maximum and a 
mobile station, and then the mobile station and the main 
base station start to communicate with each other via 
the established link. 

[0098] If there is a base station with respect to which 
the median level of the reception power of a perch chan- 
nel signal received by a mobile station is greater than a 
level that is a predetermined handoff threshold smaller 
than the median level of the reception power of a perch 
channel signal from the main base station, then a link is 
also established between that base station (hereinafter 
referred to as an auxiliary base station) and the mobile 
station, and then the mobile station and the auxiliary 
base station start to communicate with each other via 
the established link. 

[0099] During communication between the mobile 
and base stations, the reception power of the perch 
channel signal received by the mobile station may vary 
as the mobile station moves. If the base station with re- 
spect to which the median level of the reception power 
of a perch channel signal is maximum changes, or a 
base station no longer fulfill the auxiliary base station 
requirements, or another base station fulfills the auxil- 
iary base station requirements, due to such variations 
in the reception power of the perch channel signal, then 
main and auxiliary base stations are updated. 
[0100] In the mobile station 30b that is positioned in 
the overlap between the cells 40a, 40b, if it is assumed 
that the reception power of the perch channel signal 51 a 
is maximum and the difference between the reception 
power of the perch channel signal 5 1 b and the reception 
power of the perch channel signal 51a is equal to or 
smaller than a handoff threshold, then the base station 
10a serves as a main base station, and the base station 
10b as an auxiliary base station. 



[0101] Downlink signals 53a, 53b are transmitted re- 
spectively from the base stations 10a, 10b to the mobile 
station 30b, and uplink signals 62 are transmitted from 
the mobile station 50b respectively to the base stations 
5 10a, 10b. 

[0102] In the mobile station 30a, since the reception 
power of the perch channel signal 51a transmitted from 
the base station 10a is maximum, the base station 10a 
serves as a main base station. It is assumed that the 

10 difference between the reception power of the perch 
channel signal 51 a and the reception power of the perch 
channel signal 51 b is greater than the handoff threshold, 
and there does not exist an auxiliary base station. At this 
time, the mobile station 30a communicates with the 

'5 base station 1 0a using a downlink signal 52 and an up- 
link signal 61. 

[0103] Fig. 10a show downlink SIRs from the base 
stations 10a, 10b in the mobile station 10b shown in Fig. 
7, and Fig. 10b shows uplink propagation losses be- 
20 tween the mobile station 1 0b and the base stations 1 0a, 
10b shown in Fig. 7. 

[0104] From the mobile station 30b to the base sta- 
tions 10a, 10b, there is transmitted a command for con- 
trolling downlink transmission power using the uplink 
25 signals 62. From the base stations 10a, 10b to the mo- 
bile station 30b, there is transmitted a signal for control- 
ling uplink transmission power using the downlink sig- 
nals 53a, 53b. 

[0105] As shown in Fig. 10a, if the signal transmitted 
30 from the base station 10a for controlling uplink transmis- 
sion power is smaller than a downlink SIR threshold, 
then the signal transmitted from the base station 10a for 
controlling uplink transmission power is ignored. In this 
case, as shown in Fig. 10b ( if the uplink propagation loss 
35 between the mobile station 30b and the base station 1 0a 
is small, the base station 10a receives the signal with 
excessive power, and the uplink propagation loss be- 
tween the mobile station 30b and the base station 10b 
is greater than the propagation loss between the mobile 
40 station 30b and the base station 10a, then the uplink 
transmission power is controlled by the base station 
10b. 

[0106] The base stations 10a, 10b will be described 
in detail below. 

45 [0107] Fig. 11 shows in block form each of the base 
stations 10a, 10b illustrated in Fig. 7. 
[0108] As shown in Fig. 1 1 , each of the base stations 
10a, 10b comprises an antenna 11 for transmitting and 
receiving radio waves, a reception circuit 13 for receiv- 

50 jng signals transmitted from the mobile stations 30a, 30b 
via the antenna 11, a reception quality measuring unit 
14 for measuring the reception quality of signals re- 
ceived by the reception circuit 13 and comparing the 
measured reception quality with a target reception qual- 

55 jty level, a transmission power controller 15 for deter- 
mining a first control command for controlling the trans- 
mission power of signals transmitted from the mobile 
stations 30a, 30b based on a compared result from the 
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reception quality measuring unit 14, and determining a 
power level at which to transmit the first control com- 
mand, based on a second control command from the 
mobile stations 30a, 30b which is received by the recep- 
tion circuit 13 and the compared result from the recep- 5 
tion quality measu ring unit 1 4, and a transmission circuit 
16 for transmitting the first control command via the an- 
tenna 11 to the mobile stations 30a, 30b with the power 
level determined by the transmission power controller 
15. The antenna 11, the reception circuit 12, and the to 
transmission circuit 16 are connected to each other by 
a transmission/reception common unit 12. 
[0109] Each time a slot transmitted from the mobile 
stations 30a, 30b is received as indicating the uplink re- 
ception quality, the reception quality measuring unit 14 is 
measures the power ratio between the desired power 
and the interference power (hereinafter referred to as 
an SIR) and compares the measured SIR with a target 
SIR. The transmission power controller 15 determines 
a first control command for controlling the transmission 20 
power of signals transmitted from the mobile stations 
30a, 30b based on the compared result from the recep- 
tion quality measuring unit 14, and also determines a 
power level at which to transmit the first control com- 
mand, based on a second control command from the 25 
mobile stations 30a, 30b which is received by the recep- 
tion circuit 13 and the compared result from the recep- 
tion quality measuring unit 14. 
[0110] If the compared result from the reception qual- 
ity measuring unit 14 indicates that the measured SIR 30 
is smaller than the target SIR, then the transmission 
power controller 1 5 produces the first control command 
as a command for increasing power. If the compared 
result from the reception quality measuring unit 14 indi- 
cates that the measured SIR is greater than the target 35 
SIR, then the transmission power controller 15 produces 
the first control command as a command for reducing 
power. The transmission power controller 15 transmits 
the first control command from the transmission circuit 
1 6 to the mobile stations. 40 
[0111] The mobile stations 30a, 30b have a measur- 
ing unit (not shown) for measuring a downlink SIR. Each 
time the mobile stations 30a, 30b receive a slot trans- 
mitted from the base stations 10a, 10b, the mobile sta- 
tions 30a, 30b measure an SIR of the received slot. 45 
[0112] The base station 10a, which is the main base 
station for the mobile station 30b under a soft handoff, 
and the base station 1 0b, which is the auxiliary base sta- 
tion for the mobile station 30b under a soft handoff, 
transmit the downlink signals 53a, 53b, respectively, so 
which represent the same information except for control 
commands for transmission power, to the mobile station 
30b. 

[0113] The mobile station 30b has a unit (not shown) 
for combining and receiving the same signals transmit- 55 
ted from the base stations 10a, 10b. Using this unit, the 
mobile station 30b combines and receives the downlink 
signals 53a t 53b, and measures an SIR. If the measured 



SIR is smaller than a target SIR, then the mobile station 
30b generates the second control command as a com- 
mand for increasing power. If the measured SIR is great- 
er than a target SIR, then the mobile station 30b gener- 
ates the second control command as a command for 
reducing power. The mobile station 30b transmits the 
second control command to the base stations 1 0a, 1 0b. 
Similarly, the mobile station 30a transmits a second con- 
trol command to the base station 10a. 
[0114] The base stations 10a, 10b control the trans- 
mission power based on the second control commands 
transmitted from the mobile stations 30a, 30b. 
[0115] The method of controlling transmission power 
according to the present invention in the cellular system 
which is constructed as described above will be de- 
scribed below. 

[0116] Fig. 12 is a flowchart of a processing sequence 
of the method of controlling transmission power accord- 
ing to the present invention in the cellular system shown 
in Figs. 7 through 1 1 . In this embodiment, a base station 
determines downlink transmission power, and transmits 
a control command for uplink transmission power with 
the determined downlink transmission power. Power is 
treated as a decibel value. 

[0117] As shown in Fig. 12, the control station 20 de- 
cides whether a base station for transmitting a signal to 
a certain mobile station is to be newly added or not in 
step S1. 

[0118] If a base station is to be newly added in step 
S1 , then the control station 20 indicates the fact to all 
base stations, and downlink internal transmission power 
Pf is set to an initial level P0 in all the base stations in 
step S2. 

[011 9] If a base station and the mobile station start to 
communicate with each other, then, since the base sta- 
tion itself is newly added as a base station for newly 
transmitting a signal to the mobile station, the downlink 
internal transmission power Pf is set to the initial level 
P0. 

[01 20] If a base station is newly added, then the inter- 
nal transmission power Pf is initialized in step S2 for the 
reason that all transmission power levels in main and 
auxiliary base stations will be equalized with each other. 
After the internal transmission power Pf is initialized si- 
multaneously in all the base stations if a base station is 
newly added : the internal transmission power Pf is in- 
cremented or decremented in each of the base stations 
based on a control command transmitted from the same 
mobile station. Therefore, the internal transmission 
power Pf will remain equalized in all the base stations. 
[0121] If no base station is newly added in step S1 or 
after step S2, then it is decided whether a control com- 
mand for controlling downlink transmission power, 
transmitted from the mobile station, is being received by 
the base station or not in step S3. The control command 
for controlling downlink transmission power is transmit- 
ted at constant time intervals from the mobile station. 
[0122] If the control command transmitted from the 
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mobile station is being received by the base station in 
step S3, then a power ratio Rc between uplink desired 
power of the control command and interference power 
is measured in step S4. 

[0123] Based on the measured uplink desired vs. the 
interference power ratio Rc in step S4, it is decided 
whether the control command is for increasing power or 
not in step S5. If the control command is for increasing 
power, then the internal transmission power Pf is incre- 
mented in step S6. If the control command is for reduc- 
ing power, then the internal transmission power Pf is 
decremented in step S7. 

[0124] Then, it is decided whether a value (Rc-Rctar- 
get) produced by subtracting a control target level Re- 
target from the uplink desired vs. interference power ra- 
tio Rc is greater than 0 or not in step S8. If the value (Rc 
- Retarget) is greater than 0, then the downlink trans- 
mission power P is set to the sum of the internal trans- 
mission power Pf and the value (Rc-Rctarget) in step 
S9. If the value (Rc - Retarget) is not greater than 0, then 
downlink transmission power P is set to the internal 
transmission power Pf in step S10. 
[01 25] Thereafter, it is decided whether the transmis- 
sion power P is greater than a maximum level Pmax of 
transmission power or not in step S11. If the transmis- 
sion power P is greater than the maximum level Pmax, 
then the transmission power P is set to the maximum 
level Pmax in step S12. 

[01 26] If the transmission power P is not greater than 
the maximum level Pmax in step S1 1 , or after step S1 2, 
it is decided whether the transmission power P is smaller 
than a minimum level Pmin of transmission power or not 
in step S13. If the transmission power P is smaller than 
the minimum level Pmin, then the transmission power P 
is set to the minimum level Pmin in step S14. 
[01 27] If the transmission power P is not smaller than 
the minimum level Pmin in step S13, or after step S14, 
a transmission power command is transmitted with the 
transmission power P to the mobile station in step S15. 
[0128] Thereafter, it is decided whether communica- 
tions have been ended or not in step S16. If communi- 
cations have been ended, then the processing se- 
quence shown in Fig. 12 comes to an end. If communi- 
cations have not been ended, then control returns to 
step S1. 

[0129] In the mobile station 30a, the transmission 
power is controlled on the basis of a control command 
that is transmitted from the base station 10a with which 
a link has been established. 

[0130] Because links are established between the 
mobile station 30b and the two base stations 10a, 10b, 
the mobile station 30b receives control commands 
transmitted respectively from the two base stations 1 0a, 
10b. If these control commands differ from each other, 
then the mobile station 30b controls the transmission 
power based on the control command for reducing the 
transmission power. 

[01 31] According to the above method, a base station 



which is communicating with a mobile station under no 
soft handoff, e.g., the mobile station 30a, transmits a 
control command with greater transmission power via 
the downlink if the uplink desired vs. interference power 

s ratio becomes greater than the target level. Therefore, 
the probability that the mobile station can receive the 
control command accurately is increased, suppressing 
an increase in the interference power due to excessive 
desired power received by the base station. 

10 [0132] Similarly, a base station which is communicat- 
ing with a mobile station under a soft handoff, e.g., the 
mobile station 30b, transmits a control command with 
greater transmission power via the downlink if desired 
power received by the base station is excessive. Con- 

is sequently, the probability that the mobile station can re- 
ceive the control command accurately is increased, sup- 
pressing an increase in the interference power. 

2nd Embodiment: 

20 

[0133] In a method of controlling transmission power 
in a cellular system according to a second embodiment 
of the present invention, a base station does not meas- 
ure an SIR as an uplink reception quality, but measures 

25 desired power as an uplink reception quality. Other de- 
tails of the method of controlling transmission power ac- 
cording to the second embodiment are identical to those 
of the method of controlling transmission power accord- 
ing to the first embodiment. 

30 [01 34] Each time a slot transmitted from a mobile sta- 
tion is received, the reception quality measuring unit 14 
of each of the base stations 1 0a, 10b measures desired 
power Dc of the received slot as an uplink reception 
quality. 

35 [0135] In step S4 shown in Fig. 12, uplink desired 
power Dc is measured. In step S8 shown in Fig. 12, it is 
decided whether a value (Dc - Dctarget) produced by 
subtracting a control target level Dctarget from the up- 
link desired power Dc is greater than 0 or not. 

40 [0136] In step S9 shown in Fig. 12, a value P = Pf + 
Dc-Dctarget is calculated. 

[0137] Other details than described above are identi- 
cal to those of the method of controlling transmission 
power according to the first embodiment. For the same 
45 reasons as described above with respect to the first em- 
bodiment, the method of controlling transmission power 
according to the second embodiment is capable of sup- 
pressing an increase in uplink interference power. 

50 3rd Embodiment: 

[01 38] A method of controlling transmission power in 
a cellular system according to a third embodiment of the 
present invention differs from the method of controlling 
55 transmission power according to the first embodiment 
only with respect to the operation of a mobile station for 
controlling transmission power. 
[0139] In the third embodiment, the mobile stations 
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30a, 30b have a measuring unit (not shown) for meas- 
uring a downlink SIR. Each time the mobile stations 30a, 
30b receive a control command transmitted from a base 
station, they measure an SIR of the received control 
command. 

[0140J If the SIR of a control command received by a 
mobile station under no soft handoff, e.g., the mobile 
station 30a, is smaller than a predetermined reference 
level, then the control command is ignored, and the 
transmission power in the mobile station is set to a pre- 
ceding level. If the SIR of a control command received 
by the mobile station is equal to or greater than the pre- 
determined reference level, then transmission power in 
the mobile station is incremented or reduced on the ba- 
sis of the control command. 

[0141] A mobile station under a soft handoff, e.g., the 
mobile station 30b, receives control commands from re- 
spective base stations, and individually measures the 
SIRs of the received control commands. The mobile sta- 
tion ignores the control commands whose SIRs are less 
than a reference level. If at least one of the control com- 
mands whose SIRs are equal to or greater than the ref- 
erence level is for reducing transmission power, then the 
mobile station reduces transmission power. If all of 
those control commands whose SIRs are equal to or 
greater than the reference level is for increasing trans- 
mission power, then the mobile station increases trans- 
mission power. 

[0142] As is the case with the first embodiment, a 
base station which is communicating with a mobile sta- 
tion under no soft handoff, e.g., the mobile station 30a, 
transmits a control command with greater transmission 
power via the downlink if the uplink desired vs. interfer- 
ence power ratio becomes greater than the target level. 
Therefore, the probability that the mobile station can re- 
ceive the control command accurately is increased, sup- 
pressing an increase in the interference power due to 
excessive desired power received by the base station. 
[01 43] Furthermore, a downlink propagation loss and 
an uplink propagation loss differ from each other due to 
different instantaneous level variations depending on 
the frequency even between the same base and mobile 
stations. In a mobile station under a soft handoff, e.g., 
the mobile station 30b, the downlink propagation loss 
may be greater for the base station 1 0a than for the base 
station 10b, and the uplink propagation loss may be 
smaller for the base station 1 0a than for the base station 
10b. 

[0144] Since the downlink SIR in the mobile station 
30b is smaller than the reference level, the mobile sta- 
tion 30b ignores a control command transmitted from 
the base station 10a, and controls transmission power 
based on a control command transmitted from the base 
station 10b with respect to which the downlink SIR is 
equal to or greater than the reference level. Thus, even 
if the SIR of a signal transmitted from the mobile station 
30b is of a target level in the base station 10b, the SIR 
of the signal transmitted from the mobile station 30b is 



of an excessive level greater than the target level in the 
base station 1 0a whose uplink propagation loss is small- 
er than that of the base station 10b. 
[0145] In this case, according to the method de- 

s scribed in the third embodiment, the base station 10a 
transmits a control command with downlink transmis- 
sion power increased by a level that is commensurate 
with the increase in the uplink SIR with respect to its 
target level. Therefore, the probability that the SIR of the 

10 control command in the mobile station 30b is equal to 
or greater than the reference level is increased. 
[01 46] Consequently, since transmission power is re- 
duced in the mobile station 30b on the basis of the con- 
trol command transmitted from the base station 10b, the 

is SIR of a signal transmitted from the mobile station 30b 
approaches a target level in the base station 10a. 
[0147] In this manner, an increase in the interference 
power due to excessive desired power in the base sta- 
tion can be suppressed. 

20 [0148] In the first through third embodiments, the con- 
trol target level for uplink transmission power control 
does not need to be common to all the base stations, 
nor to be constant, but may be incremented or decre- 
mented depending on the interference power in each of 

25 the base stations. 

4th Embodiment: 

[0149] A method of controlling transmission power 
30 and a base station apparatus according to a fourth em- 
bodiment are incorporated in the cellular system shown 
in Fig. 7. 

[0150] Different frequency carriers are assigned to 
uplinks where signals are transmitted from the mobile 

35 stations and received by the base stations and down- 
links where signals are transmitted from the base sta- 
tions and received by the mobile stations. 
Therefore, the base stations and the mobile stations 
communicate bidirectionally with each other. 

40 [0151] The base stations 10a, 10b transmit perch 
channel signals 51a, 51b, respectively, with constant 
transmission power. The mobile stations 30a, 30b 
measure reception power of the perch channel signals 
51a, 51b. 

45 [0152] For communications, a link is established be- 
tween main and auxiliary base stations. In the mobile 
station 30b, the base station 10a serves as a main base 
station, and the base station 10b as an auxiliary base 
station. In the mobile station 30a, the base station 10a 

so serves as a main base station. 

[0153] The base station apparatus according to the 
fourth embodiment is identical to the structure shown in 
Fig. 11. 

[01 54] Each time a slot transmitted from a mobile sta- 
55 tion is received, the reception quality measuring unit 1 4 
of each of the base stations 10a, 10b measures an SIR 
of the received slot as an uplink reception quality. 
[0155] The mobile stations 30a, 30b have a measur- 
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ing unit (not shown) for measuring a downlink SIR. Each 
time the mobile stations 30a, 30b receive a slot trans- 
mitted from the base stations, the mobile stations 30a, 
30b measure an SIR of the received slot. 
[0156] As with the first embodiment, the mobile sta- 5 
tion 30b determines a control command, and transmits 
the control command to the base stations 10a, 10b. The 
mobile station 30a also transmits a control command to 
the base station 10a. 

[0157] The method of controlling transmission power 
according to the fourth embodiment will be described 
below with reference to a flowchart. In the flowchart and 
its description, power is treated as a decibel value. 
[0158] In this embodiment, the sum of internal trans- 
mission power Pf determined by a control command 
transmitted from a mobile station and a transmission 
power increment Padd determined depending on an up- 
link desired vs. interference power ratio becomes down- 
link transmission power P in a base station. Then, a 
transmission power control command is transmitted 
with the transmission power P from the base station to 
the mobile station via the downlink. 
[01 59] Fig. 1 3 is a flowchart of a process of determin- 
ing internal transmission power Pf in a base station ac- 
cording to the method of controlling transmission power 
in the cellular system shown in Figs. 7 through 11. 
[0160] As shown in Fig. 1 3, the control station 20 de- 
cides whether a base station for transmitting a signal to 
a certain mobile station is to be newly added or not in 
step S101. 

[0161] If a base station is to be newly added in step 
S101 , then the control station 20 indicates the fact to all 
base stations, and downlink internal transmission power 
Pf is set to an initial level P0 in all the base stations in 
step S102. 

[0162] If a base station and the mobile station start 
communicate with each other, then since the base sta- 
tion itself is newly added as a base station for newly 
transmitting a signal to the mobile station, the downlink 
internal transmission power Pf is set to the initial level 
P0. 

[0163] If no base station is newly added in step S101 
or after step S102, then it is decided whether a control 
command for controlling downlink transmission power, 
transmitted from the mobile station, is being received by 
the base station or not in step S103. The control com- 
mand for controlling downlink transmission power is 
transmitted at constant time intervals from the mobile 
station. 

[01 64] If a control command transmitted from the mo- 
bile station is being received in step S103, then it is de- 
cided whether the received control command is for in- 
creasing power or not in step S104. If the control com- 
mand is for increasing power, then the internal transmis- 
sion power Pf is incremented in step S1 05. If the control 
command is for reducing power, then the internal trans- 
mission power Pf is decremented in step S106. 
[0165] It is then decided whether the internal trans- 



mission power Pf calculated in step S105 or S106 is 
greater than a maximum level Pmax of transmission 
power or not in step S107. If the transmission power P 
is greater than the maximum level Pmax, then the trans- 
mission power P is set to the maximum level Pmax in 
step S108. 

[01 66] If the transmission power P is not greater than 
the maximum level Pmax in step S107, or after step 
S108, it is decided whether the transmission power P is 
smaller than a minimum level Pmin of transmission pow- 
er or not in step S109. If the transmission power P is 
smaller than the minimum level Pmin, then the transmis- 
sion power P is set to the minimum level Pmin in step 
S110. 

[01 67] If the transmission power P is not smaller than 
the minimum level Pmin in stepS109, or after step S1 10, 
it is decided whether communications have been ended 
or not in step Sill. If communication has ended, then 
the processing sequence shown in Fig. 13 comes to an 
end. If communication has not ended, then control re- 
turns to step S101. 

[0168] Fig. 14 is a flowchart of a process of determin- 
ing a transmission power increment Padd in a base sta- 
tion according to the method of controlling transmission 
power in the cellular system shown in Figs. 7 through 11. 
[01 69] When a base station and a mobile station start 
communicate with each other, the base station sets the 
transmission power increment Padd to an initial level 0 
in step S201. 

[01 70] Then, it is decided whether a control command 
transmitted from the mobile station is being received in 
step S202. If a control command transmitted from the 
mobile station is being received, then the power ratio Rc 
between the desired power of the control command and 
the interference power is measured in step S203. 
[0171] Since the base station determines an average 
of the power ratios Rc between desired power and in- 
terference power for Nave slots, the measured desired 
vs. interference power ratios Rc are held in a memory 
for a period of time corresponding to the Nave slots. 
[01 72] Then, the desired vs. interference power ratios 
Rc for the Nave slots are averaged to calculate an av- 
erage desired vs. interference power ratio Reave in step 
S204. Until the reception of the Nave slots is completed 
after the start of the communications, the average of the 
desired vs. interference power ratios Rc that are held in 
the memory is used as the average desired vs. interfer- 
ence power ratio Reave. 

[0173] Then, it is decided whether the average de- 
sired vs. interference power ratio Reave is greater than 
the sum of the control target level Retarget and Texc or 
not in step S205. If the average desired vs. 
interference power ratio Reave is larger than the sum of 
the control target level Retarget and Texc, then APadd 
is added to the transmission power increment Padd in 
step S206. If the average desired vs. interference power 
ratio Reave is not greater than the sum of the control 
target level Retarget and Texc, then APadd is subtracted 
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from the transmission power increment Padd in step 
S207. 

[0174] After step S206 or S207, it is decided whether 
the transmission power increment Padd is larger than 
the maximum level Paddmax thereof or not in step s 
S208. If the transmission power increment Padd is 
greater than the maximum level Paddmax, then the 
transmission power increment Padd is set to the maxi- 
mum level Paddmax in step S209. 
[0175] If the transmission power increment Padd is 
not greater than the maximum level Paddmax in step 
S208. or after step S209, it is decided whether the trans- 
mission power increment Padd is smaller than 0 or not 
in step S210. If the transmission power increment Padd 
is smallerthan 0, then the transmission power increment 
Padd is set to 0 in step S211 . 

[0176] If the transmission power increment Padd is 
not smaller than 0 in step S210, or after step S211 , it is 
decided whether communications have been ended or 
not in step S21 2. If communications have been ended, 
then the processing sequence shown in Fig. 14 comes 
to an end. If communications have not been ended, then 
control returns to step S202. 

[01 77] Thereafter, transmission power determined on 
the basis of an SIR based on a closed-loop control proc- 
ess for a short period of time is added to the transmis- 
sion power increment Padd determined by the process- 
ing shown in Fig. 14, and a signal is transmitted from 
the base station to the mobile station with the sum trans- 
mission power. 

[0178] "Nave" represents a constant for preventing 
the transmission power increment Padd from increasing 
when the desired vs. interference power ratio Rc instan- 
taneously increases, with the constant being 1 or more. 
"Texc" serves as a constant to prevent the transmission 
power increment Padd from increasing when the de- 
sired vs. interference power ratio Rc slightly increases 
due to a transmission power control error, the constant 
being 0 or more. 

[0179] In the mobile station 30a, the transmission 
power is controlled on the basis of a control command 
that is transmitted from the base station 10a with which 
a link has been established. Because links are estab- 
lished between the mobile station 30b and the two base 
stations 10a, 10b, the mobile station 30b receives con- 
trol commands transmitted respectively from the two 
base stations 1 0a, 1 0b. If these control commands differ 
from each other, then the mobile station 30b controls the 
transmission power based on the control command for 
reducing the transmission power. 
[0180] According to the fourth embodiment, as is the 
case with the first embodiment, a base station which is 
communicating with a mobile station under no soft hand- 
off, e.g., the mobile station 30a, transmits a control com- 
mand with greater transmission power via if the uplink 
desired vs. interference power ratio becomes greater 
than the target level. Therefore, the probability that the 
mobile station can receive the control command accu- 



rately is increased, suppressing an increase in the in- 
terference power due to excessive desired power re- 
ceived by the base station. 

[0181] Similarly, a base station which is communicat- 
ing with a mobile station under a soft handoff, e.g., the 
mobile station 30b, transmits a control command with 
greater transmission power via the downlink if desired 
power received by the base station is excessive. Con- 
sequently, the probability that the mobile station can re- 
ceive the control command accurately is increased, sup- 
pressing an increase in the interference power. 

5th Embodiment: 

[0182] In a method of controlling the transmission 
power in a cellular system according to a fifth embodi- 
ment of the present invention, a base station does not 
measure an SIR as an uplink reception quality, but 
measures the desired power as an uplink reception 
quality. Other details of the method of controlling trans- 
mission power according to the fifth embodiment are 
identical to those of the method of controlling transmis- 
sion power according to the fourth embodiment. 
[01 83] Each time a slot transmitted from a mobile sta- 
tion is received, the reception quality measuring unit 14 
of each of the base stations 10a, 10b measures desired 
power Dc of the received slot as an uplink reception 
quality. 

[0184] In step S203 shown in Fig. 14, uplink desired 
power Dc is measured. In step S204 shown in Fig. 14, 
an average Dcave of measured desired power levels Dc 
is calculated. 

[0185] In step S205 shown in Fig. 14, it is decided 
whether Dcave > Dctarget + Texc where Dctarget is of 
a predetermined level. 

[0186] Other details than described above are identi- 
cal to those of the method of controlling transmission 
power according to the fourth embodiment. For the 
same reasons as described above with respect to the 
fourth embodiment, the method of controlling transmis- 
sion power according to the fifth embodiment is capable 
of suppressing an increase in uplink interference power. 

6th Embodiment: 

[0187] A method of controlling transmission power in 
a cellular system according to a sixth embodiment of the 
present invention is similar to the method of controlling 
transmission power according to the fourth embodiment 
except for the determination of a transmission power in- 
crement Padd dependent on an uplink desired vs. inter- 
ference power ratio. 

[0188] In the sixth embodiment, in the mobile station 
30a having a link established with the single base station 
10a, the transmission power increment Padd is always 
set to 0. In the mobile station 30b having links estab- 
lished with the base stations 10a, 10b, reception power 
of perch channel signals 51a, 51b transmitted from the 
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base stations 10a, 10b is measured during communica- 
tions, and when control commands are transmitted from 
the mobile station 30b to the base stations 10a, 1 0b, the 
identification number of a base station where the recep- 
tion power of a perch channel signal is maximum, i.e., 
a base station where the downlink propagation loss is 
minimum, is transmitted, and the information of the iden- 
tification number is used to increment or decrement the 
transmission power increment Padd in the mobile sta- 
tion 30b. 

[01 89] Fig. 1 5 is a flowchart of another process of de- 
termining a transmission power increment Padd in a 
base station according to the method of controlling 
transmission power in the cellular system shown in Figs. 
7 through 11. 

[01 90] When a base station and a mobile station start 
communicate with each other, the base station sets the 
transmission power increment Padd to an initial level 0 
in step S301. 

[0191] Then, it is decided whether a control command 
transmitted from the mobile station is being received in 
step S302. If a control command transmitted from the 
mobile station is being received, then a power ratio Rc 
between desired power of the control command and in- 
terference power is measured in step S303. 
[0192] Since the base station determines an average 
of the power ratios Rc between desired power and in- 
terference power for Nave slots, the measured desired 
vs. interference power ratios Rc are held in a memory 
for a period of time corresponding to the Nave slots. 
[0193] Then, the desired vs. interference power ratios 
Rc for the Nave slots are averaged to calculate an av- 
erage desired vs. interference power ratio Reave in step 

5304. Until the reception of the Nave slots is completed 
after the start of the communications, the average of the 
desired vs. interference power ratios Rc that are held in 
the memory is used as the average desired vs. interfer- 
ence power ratio Reave. 

[0194] Then, the identification number of a base sta- 
tion transmitted together with the control command from 
the mobile station is compared with the identification 
number of its own base station, deciding whether its own 
base station is a downlink or not in step S305. 
[0195] If its own base station is not a downlink in step 

5305, then it is decided whether the average desired vs. 
interference power ratio Reave is greater than the sum 
of the control target level Retarget and Texc or not in 
step S306. If the average desired vs. 

interference power ratio Reave is greater than the sum 
of the control target level Retarget and Texc, then APadd 
is added to the transmission power increment Padd in 
step S307. If the average desired vs. interference power 
ratio Reave is not greater than the sum of the control 
target level Retarget and Texc, then APadd is subtracted 
from the transmission power increment Padd in step 
S308. 

[0196] If its own base station is a downlink in step 
S305, then the link . between its own base station and 



the mobile station is regarded as a main link whose 
propagation loss is minimum among those base stations 
whose links have been established with the mobile sta- 
tion. Then, control goes to step S308. 

5 [0197] After step S307 or S308, it is decided whether 
the transmission power increment Padd is greater than 
a maximum level Paddmax thereof or not in step S309. 
If the transmission power increment Padd is greater 
than the maximum level Paddmax, then the transmis- 

10 sion power increment Padd is set to the maximum level 
Paddmax in step S310. 

[0198] If the transmission power increment Padd is 
not greater than the maximum level Paddmax in step 
S309, or after step S31 0, it is decided whether the trans- 
is mission power increment Padd is smaller than 0 or not 
in step S311 . If the transmission power increment Padd 
is smaller than 0, then the transmission power increment 
Padd is set to 0 in step S312. 

[0199] If the transmission power increment Padd is 

20 not smaller than 0 in step S31 1 , or after step S31 2, it is 
decided whether communications have been ended or 
not in -step S31 3. If communications have been ended, 
then the processing sequence shown in Fig. 15 comes 
to an end. If communications have not been ended, then 

25 control returns to step S302. 

[0200] A downlink propagation loss and an uplink 
propagation loss differ from each other due to different 
instantaneous level variations depending on the fre- 
quency even between the same base and mobile sta- 

30 tions. In a mobile station under a soft handoff, e.g., the 
mobile station 30b, the downlink propagation loss may 
be greater for the base station 10a than for the base 
station 10b, and the uplink propagation loss may be 
greater for the base station 1 0b than for the base station 

35 10a. 

[0201] If the uplink and downlink propagation losses 
are thus inverted in magnitude, the SIR of a control com- 
mand transmitted from the base station 10a is smaller 
than the SIR of a control command transmitted from the 

40 base station 10b in the mobile station 30b. Therefore, 
control commands transmitted from the base station 
10a are subject to many decision errors. 
[0202] At this time, as when a control command trans- 
mitted from the base station 10a is ignored, the uplink 

45 transmission power in the mobile station is controlled on 
the basis of a control command transmitted from the 
base station 10b. Therefore, even if the SIR of a signal 
transmitted from the mobile station 30a is of a target lev- 
el in the base station 10b, the SIR of a signal transmitted 

50 from the mobile station 30b may be of an excessive level 
greater than the target level in the base station 10a 
whose uplink propagation loss is smaller than that of the 
base station 10b. 

[0203] The SIR of a signal transmitted from the mobile 
55 station 30b may be of an excessive level greater than 
the target level in the base station also when the prop- 
agation loss varies rapidly as the mobile station 30b 
moves and the transmission power cannot be controlled 
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so as to follow the variations of the propagation loss. 
[0204] According to the sixth embodiment, if the SIR 
of a signal transmitted from the mobile station 30b ex- 
ceeds the target value by an amount equal to or greater 
than a predetermined value, and also if the link between 
its own base station and the mobile station is not a main 
link whose propagation loss is minimum among those 
base stations whose links have been established with 
the mobile station, the transmission power increment 
Padd is increased. Accordingly, when the uplink and 
downlink propagation losses are thus inverted in mag- 
nitude and the probability that a control command trans- 
mitted from its own base station to the mobile station is 
subject to a decision error is high, the control command 
is transmitted with large transmission power. 
[0205] Consequently, in the mobile station 30b, the 
SIR of the control command is increased, increasing the 
probability that the control command can be determined 
accurately. In the mobile station 30b, therefore, trans- 
mission power is reduced on the basis of the control 
command transmitted from the base station 10a, and 
the SIR of a signal transmitted from the mobile station 
30b approaches a target level in the base station 10a. 
[0206] In this manner, an increase in the interference 
power due to excessive desired power in the base sta- 
tion can be suppressed. 

[0207] Moreover, if the SIR of a signal transmitted 
from a mobile station is of a level greater than the target 
level owing to rapid variations of the propagation loss 
even though a control command transmitted from a 
base station is determined accurately in the mobile sta- 
tion, then since the probability that the control command 
is transmitted from the base station with large transmis- 
sion power is small, the overall transmission power of 
the base station is not substantially increased, and 
hence the downlink interference power on other mobile 
stations is not substantially increased. 

7th Embodiment: 

[0208] In a method of controlling transmission power 
in a cellular system according to a seventh embodiment 
of the present invention, a base station does not meas- 
ure an SIR as an uplink reception quality, but measures 
desired power as an uplink reception quality. Other de- 
tails of the method of controlling transmission power ac- 
cording to the seventh embodiment are identical to 
those of the method of controlling transmission power 
according to the sixth embodiment. 
[0209] Each time a slot transmitted from a mobile sta- 
tion is received, the reception quality measuring unit 14 
of each of the base stations 10a, 10b measures desired, 
power Dc of the received slot as an uplink reception 
quality. 

[0210] In step S303 shown in Fig. 15, uplink desired 
power Dc is measured. In step S304 shown in Fig. 15, 
an average Dcave of measured desired power levels Dc 
is calculated. 
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[0211] In step S306 shown in Fig. 15, it is decided 
whether Dcave > Dctarget + Texc where Dctarget is of 
a predetermined level. 

[021 2] Other details than described above are identi- 
5 cal to those of the method of controlling transmission 
power according to the sixth embodiment. For the same 
reasons as described above with respect to the sixth 
embodiment, the method of controlling transmission 
power according to the seventh embodiment is capable 
10 -of suppressing an increase in uplink interference pow- 
er. 

[0213] In the fourth through seventh embodiments, 
the transmission power of a base station is determined 
by the sum of the internal transmission power Pf and the 

15 transmission power increment Padd. The process of de- 
termining the internal transmission power Pf may not be 
limited to the illustrated process of incrementing or dec- 
rementing the internal transmission power Pf based on 
the control command transmitted from the mobile sta- 

20 tion. 

[0214] Furthermore, the internal transmission power 
Pf may be determined such that it may be of a constant 
level at all times, rather than being varied. 
Alternatively, a control quantity for transmission power 

25 may be transmitted from a mobile station to a base sta- 
tion, and the internal transmission power Pf may be de- 
termined according to the control quantity in the base 
station. The internal transmission power Pf may be de- 
termined by any processes according to the present in- 

30 vention. 

[021 5] In the above embodiments, only the controlling 
of transmission power for transmitting a control com- 
mand has been described. However, data other than 
control commands transmitted from base stations may 
35 be transmitted with the same power as the control com- 
mands. 

[0216] While preferred embodiments of the present 
invention have been described using specific terms, 
such description is for illustrative purposes only, and it 
40 js to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 

45 Claims 

1 . A method of controlling transmission power in a cel- 
lular system having a plurality of cells, a plurality of 
base stations disposed respectively in the cells, and 

50 a mobile station disposed in one of the cells and 
having a link established with one or more of said 
base stations for communicating therewith with a 
transmission power based on a first control com- 
mand transmitted from the base station, comprising 

55 the steps of: 

determining transmission power of the base 
stations based on a second control command 
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transmitted from the mobile station; 
measuring the reception quality in the base sta- 
tions of a signal transmitted from the mobile sta- 
tion; 

comparing the measured reception quality with 5 
the target reception quality; 
determining an increment for the transmission 
power of the base stations which has been de- 
termined based on said second control com- 
mand, based on a compared result; 10 
incrementing the transmission power of the 
base stations by the determined increment; and 
transmitting the first control command for con- 
trolling transmission power of the mobile station 
from the base stations to the mobile station, is 
with the incremented transmission power. 

A method according to claim 1 , wherein when first 
command signals are received from the base sta- 
tions, the transmission power is controlled in the 20 
mobile station based on one of said first command 
signals which has at least a predetermined level of 
reception quality and/or serves to minimize the 
transmission power of the mobile station. 

25 

A method according to claim 1 or 2, wherein said 
reception quality is represented by a power ratio be- 
tween reception power in the base stations of a sig- 
nal transmitted from said mobile station and the in- 
terference power, and said increment is increased 30 
by a ratio between said power ratio and a target 
power ratio. 

A method according to any one of claims 1 to 3, 
wherein if said ratio between said power ratio and 35 
said target power ratio is greater than 1 , then said 
increment is set to said ratio between said power 
ratio and said target power ratio. 

A method according to any one of claims 1 to 4, 40 
wherein said reception quality is represented by the 
reception power in the base stations of a signal 
transmitted from said mobile station, and said incre- 
ment is increased by a ratio between said reception 
power and said target reception power. 45 

A method according to any one of claims 1 to 5, 
wherein if said transmission power incremented by 
said increment is greater than predetermined max- 
imum power, then said transmission power is set to so 
said predetermined maximum power. 

A method according to any one of claims 1 to 6, 
wherein said reception quality is represented by a 
power ratio between reception power in the base 55 
stations of a signal transmitted from said mobile sta- 
tion and the interference power, and wherein if said 
power ratio is greater than a level which is greater 



than a target power ratio by a predetermined value, 
then said increment is increased, and if said power 
ratio is smaller than a level which is greater than a 
target power ratio by a predetermined value, then 
said increment is reduced. 

8. A method according to any one of claims 1 to 6, 
wherein said reception quality is represented by the 
reception power in the base stations of a signal 
transmitted from said mobile station, and wherein if 
said reception power is greater than a level which 
is greater than target reception power by a prede- 
termined value, then said increment is increased, 
and if said reception power is smaller than a level 
which is greater than target reception power by a 
predetermined value, then said increment is re- 
duced. 

9. A method according to any one of claims 1 to 6, 
wherein said reception quality is represented by a 
power ratio between the reception power in the 
base stations of a signal transmitted from said mo- 
bile station and the interference power, and wherein 
if a propagation loss with said mobile station is not 
a minimum among the base stations having respec- 
tive links established with the mobile station and al- 
so if said power ratio is greater than a level which 
is greater than a target power ratio by a predeter- 
mined value, then said increment is increased, and 
if a propagation loss with said mobile station is min- 
imum among the base stations having respective 
links established with the mobile station and if said 
power ratio is smaller than a level which is greater 
than a target power ratio by a predetermined value, 
then said increment is reduced. 

10. A method according to any one of claims 1 to 6, 
wherein said reception quality is represented by the 
reception power in the base stations of a signal 
transmitted from said mobile station, and wherein if 
a propagation loss with said mobile station is not 
minimum among the base stations having respec- 
tive links established with the mobile station and al- 
so if said reception power is greater than a level 
which is greater than target reception power by a 
predetermined value, then said increment is in- 
creased, and if a propagation loss with said mobile 
station is minimum among the base stations having 
respective links established with the mobile station 
and if said reception power is smaller than a level 
which is greater than target reception power by a 
predetermined value, then said increment is re- 
duced. 

11. A method according to any one of claims 1 to 10, 
wherein if said increment is greater than a prede- 
termined maximum value, then said increment is 
set to said predetermined maximum value, and if 
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said increment is of a value for not increasing said 
transmission power, then said transmission power 
is not incremented by said increment. 

12. A method according to any one of claims 1 to 11, 
wherein a signal to be transmitted from said base 
stations to said mobile stations is transmitted with 
power with which said first control command is 
transmitted. 

1 3. A method of controlling the transmission power in a 
cellular system having a plurality of cells, a plurality 
of base stations disposed respectively in the cells, 
and a mobile station disposed in one of the cells and 
having a link established with at least one of said 
base stations for communicating therewith, by set- 
ting the transmission power from the base stations 
to a level which is the sum of the transmission power 
determined by a closed loop in the cellular system 
and an increment added thereto, and transmitting a 
signal from the base stations to the mobile stations 
with the transmission power thus set, comprising 
the steps of: 

measuring the reception quality of a signal 
transmitted from said mobile station; 
comparing the measured reception quality with 
a value which is the sum of the target reception 
quality and a predetermined value added there- 
to; 

if the measured reception quality is greaterthan 
said value which is the sum of the target recep- 
tion quality and the predetermined value added 
thereto, adding a predetermined additive value 
to said increment; and 

if the measured reception quality is smaller than 
said value which is the sum of the target recep- 
tion quality and the predetermined value added 
thereto, subtracting a predetermined subtrac- 
tive value from said increment. 

14. A method according to claim 1 3, wherein if said in- 
crement is greater than a predetermined value, then 
said increment is set to a maximum, and if said in- 
crement is smaller than 0, then said increment is set 

toO. 

15. A base station apparatus comprising: 

transmitting means for transmitting a first con- 
trol command for controlling the transmission 
power of a mobile station disposed in a cell, to 
the mobile station; 

receiving means for receiving a signal transmit- 
ted from said mobile station; 
reception quality measuring means for meas- 
uring the reception quality of a signal received 
by said receiving means, and comparing the 



measured reception quality with the target re- 
ception quality; and 

transmission power controlling means for de- 
termining the power with which to transmit said 

5 first control command, based on a second con- 

trol command contained in a signal received by 
said receiving means, determining an incre- 
ment for the transmission power determined 
based on said second control command, based 

10 on a compared result from said reception qual- 

ity measuring means, and incrementing the 
transmission power based on said second con- 
trol command by said increment; 
said transmitting means comprising means for 

is transmitting said first control command to said 

mobile station with the transmission power in- 
cremented by said transmission power control- 
ling means. 

20 16. A base station apparatus according to claim 15, 
wherein said transmission power controlling means 
comprises means for determining said first control 
command based on the compared result from said 
reception quality measuring means. 

25 

17. A base station apparatus according to claims 15 or 
16, wherein said transmission power controlling 
means comprises means for representing the re- 
ception quality with a power ratio between the re- 
30 ception power of a signal transmitted from said mo- 
bile station and the interference power, and increas- 
ing said increment by a ratio between said power 
ratio and a target power ratio. 

35 18. A base station apparatus according to any one of 
claims 15 to 17, wherein said transmission power 
controlling means comprises means for represent- 
ing the reception quality with reception power of a 
signal transmitted from said mobile station, and in- 

40 creasing said increment by a ratio between said re- 
ception power and the target reception power. 

19. A base station apparatus according to any one of 
claims 15 to 18, wherein said transmission power 

45 controlling means comprises means for represent- 
ing the reception quality with a power ratio between 
the reception power of a signal transmitted from 
said mobile station and the interference power, in- 
creasing said increment if said power ratio is greater 

so than a level which is greater than the target power 
ratio by a predetermined value, and reducing said 
increment if said power ratio is smaller than a level 
which is greater than a target power ratio by a pre- 
determined value. 

55 

20. A base station apparatus according to any one of 
claims 15 to 19, wherein said transmission power 
controlling means comprises means for represent- 
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ing the reception quality with the reception power of 
a signal transmitted from said mobile station, in- 
creasing said increment if said reception power is 
greater than a level which is greater than the target 
reception power by a predetermined value, and re* s 
ducing said increment if said reception power is 
smaller than a level which is greater than the target 
reception power by a predetermined value. 

21. A base station apparatus according to any one of 10 
claims 15 to 20, wherein said transmission power 
controlling means comprises means tor represent- 
ing the reception quality with a power ratio between 

the reception power of a signal transmitted from 
said mobile station and the interference power, in- is 
creasing said increment if the propagation loss with 
said mobile station is not a minimum among the 
base stations having respective links established 
with the mobile station and also if said power ratio 
is greater than a level which is greater than a target 20 
power ratio by a predetermined value, and reducing 
said increment if a propagation loss with said mobile 
station is a minimum among the base stations hav- 
ing respective links established with the mobile sta- 
tion and if said power ratio is smaller than a level 25 
which is greater than the target power ratio by a pre- 
determined value. 

22. A base station apparatus according to any one of 
claims 15 to 21, wherein said transmission power 30 
controlling means comprises means for represent- 
ing the reception quality with the reception power of 

a signal transmitted from said mobile station, in- 
creasing said increment if the propagation loss with 
said mobile station is not a minimum among the 35 
base stations having respective links established 
with the mobile station and also if said reception 
power is greater than a level which is greater than 
the target reception power by a predetermined val- 
ue, and reducing said increment if the propagation 40 
loss with said mobile station is a minimum among 
the base stations having respective links estab- 
lished with the mobile station and if said reception 
power is smaller than a level which is greater than 
the target reception power by a predetermined val- 45 
ue. 

23. A base station apparatus according to any one of 
claims 15 to 22, wherein said transmitting means 
comprises means for transmitting a signal to be so 
transmitted to said mobile station with the power 
with which said first control command is transmit- 
ted. 
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Fig. 1 (Prior Art) 
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Fig. 2 (Prior Art) 
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Fig. 4 (Prior Art) 
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